©Cg 00H OPINION ARTICLE 

•m f\f*\f published: 17 June 2014 

LILUiaY doi: 10.3389/fpsyg.2014.00622 




Inhibition of negative content— a shared process in 
rumination and reappraisal 

Noga Cohen 1 **, Shimrit Daches 2t *, Nilly Mor 2 and Avishai Henik 1 

' Department of Psychology and the Zlotowski Center for Neuroscience, Ben-Gurion University of the Negey Beer-Sheva, Israel 
2 School of Education, Hebrew University of Jerusalem, Jerusalem, Israel 
"Correspondence: nogac@post.bgu.acJI; shimrit.daches@mail.huji.ac.il 

' These authors have contributed equally to this work. 
Edited by: 

Kenneth Sung Lai Yuen, University Medical Centre Mainz, Germany 
Reviewed by: 

Michele Wessa, Johannes Gutenberg-University Mainz, Germany 

Keywords: emotion regulation, reappraisal, rumination, inhibition, emotional stimuli 



People vary in how they cope with negative 
events. Some people become immersed 
in repetitive ruminative thinking concern- 
ing the event, whereas others employ 
reappraisal and attempt to interpret the 
event in less negative ways. Interestingly, 
although both reappraisal and rumina- 
tion involve active processing of nega- 
tive situations rather than avoiding their 
affective value, these two strategies lead 
to opposite outcomes. Whereas rumina- 
tion is maladaptive and is a risk factor 
for psychopathology, reappraisal is adap- 
tive and has been linked to emotional 
well-being (for a meta-analysis see Aldao 
et al, 2010). In the current paper, we 
examine a shared process that may play 
a role in both rumination and reap- 
praisal. We suggest that inhibition of 
irrelevant, negatively valenced informa- 
tion while pursuing a goal or perform- 
ing a task underlies both rumination and 
reappraisal. We present correlational and 
causal findings linking impaired inhibition 
of negative content with reduced reap- 
praisal and with increased tendency to 
ruminate. We postulate possible pathways 
for the links between inhibition of negative 
content and these two emotion regulation 
strategies. 

DEFINING REAPPRAISAL AND 
RUMINATION 

Rumination and reappraisal are two strate- 
gies used to regulate emotion. When 
people reappraise, they transform the 
meaning of an emotional situation by 
changing the way they think about it 
(Gross, 1998). In contrast, when people 



ruminate, they think in a repetitive fash- 
ion about their current distress, the rea- 
sons for it and its consequences (Nolen- 
Hoeksema, 1991). For example, reapprais- 
es would think of ways to improve the 
manner in which they study for an upcom- 
ing exam after recently failing one, whereas 
ruminators would think repeatedly why 
they did not perform better on the exam. 
Both strategies involve attending to the 
emotional value of the situation, but 
they differ in their outcomes. Reappraisal 
has been associated with reduced neg- 
ative and increased positive emotions, 
improved interpersonal abilities, high self- 
esteem and other positive outcomes (Gross 
and John, 2003). In contrast, rumination 
prospectively predicts symptoms of anxi- 
ety and depression as well as other psy- 
chopathologies such as substance abuse 
and bulimic behavior (Kocovski et al., 
2005; Nolen-Hoeksema et al, 2007, 2008). 
Although reappraisal and rumination have 
seldom been compared directly, such a 
comparison found that children who were 
instructed to reappraise a sad film had bet- 
ter memory of the film and were more 
effective in regulating sadness than those 
who were instructed to ruminate about it 
(Davis and Levine, 2013). 

INHIBITION OF NEGATIVE CONTENT 
AS A SHARED PROCESS IN 
RUMINATION AND REAPPRAISAL 

Despite limited knowledge about the 
relationship between reappraisal and 
rumination, examination of each of 
these strategies separately may point to 
a possible shared cognitive mechanism. 



Accumulating evidence suggests a link 
between cognitive control, a high-order 
cognitive operation designed to enable 
goal-directed behavior, and emotion reg- 
ulation strategies (Ochsner and Gross, 
2005). Several cognitive control processes 
have been proposed as underlying fac- 
tors in both reappraisal and rumination 
(including inhibition, working memory 
updating, and set shifting; McRae et al., 
2012; Whitmer and Gotlib, 2013). In this 
paper we focus on inhibition processes, 
because accumulating evidence suggests 
that inhibition may have a causal role in 
both rumination and reappraisal (Cohen 
et al, 2014; Daches and Mor, 2014; Salas 
et al, 2014). 

Inhibition refers to the process of sup- 
pressing, resisting, and ignoring inter- 
ference from task-irrelevant information 
(Friedman and Miyake, 2004). Recently, 
research has begun to uncover the asso- 
ciations between valance-specific inhi- 
bition and emotion regulation abilities 
(Joormann, 2010). In this paper we focus 
on inhibition processes designed to atten- 
uate reactions to negatively valenced infor- 
mation that is irrelevant to current goals. 
Specifically, we propose that deficits in 
the ability to inhibit negative content may 
leave ruminators stuck in a cycle of neg- 
ative thinking, whereas good ability to 
inhibit emotional content allows reap- 
praises to look at a negative situation 
from another perspective. 

The ability to inhibit negative informa- 
tion has been examined using tasks that 
require participants to ignore emotional 
content, such as the negative affective 
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priming (NAP) and the anti-saccade 
tasks. In the NAP task, participants are 
requested to respond to a target stimu- 
lus and to ignore an emotional distractor 
that appears simultaneously with the tar- 
get stimulus. On a following trial, the 
emotional distractor might become the 
target (e.g., Joormann and Gotlib, 2010; 
for review see Joormann, 2010).The delay 
in reaction time to an emotional stimulus 
that was previously ignored, reflects acti- 
vation of inhibitory processes (Wentura, 
1999). In the anti-saccade task, par- 
ticipants are requested to inhibit their 
reflexive tendency to orient their attention 
toward an abrupt cue. Similar to the NAP 
task, when the cue is emotional, the task 
can serve to measure inhibition of emo- 
tional content (e.g., De Lissnyder et al, 
2011). 

Another way to examine inhibition of 
negative content is by using tasks that 
recruit inhibitory process (e.g., flanker: 
Eriksen and Eriksen, 1974; stop-signal: 
Logan and Cowan, 1984) prior to, and thus 
independently from, the presented emo- 
tional stimulus. Thus, in such tasks, in 
contrast to the NAP and the anti-saccade 
tasks, participants are not requested to 
ignore the emotional stimuli, but only 
to perform the inhibitory task, and the 
emotional stimuli remain irrelevant to the 
task. This design enables researchers to 
examine the effect of inhibition of non- 
valenced stimuli on the processing of irrel- 
evant emotional stimuli. An example is 
the arrow-flanker task in which a right or 
left pointing target arrow appears with two 
distractor arrows on either side. Distractor 
arrows can be congruent with the target 
arrow (i.e., point in the same direction) 
or incongruent (i.e., point in the oppo- 
site direction). The existence of distracting 
flanker arrows, and particularly incongru- 
ent distractors, leads to engagement of 
inhibitory processes that reduce interfer- 
ence generated by the distractors (Aron 
et al., 2007). In several studies (e.g., Cohen 
et al., 2011, 2012), we demonstrated that 
presenting an incongruent flanker stim- 
ulus prior to the appearance of a neg- 
ative picture eliminates the interference 
caused by the picture to performance on a 
subsequent simple cognitive task (see also 
Kalanthroffetal., 2013). 

The tasks reviewed above were used 
to examine the association between trait 



tendencies to engage in rumination or 
reappraisal and inhibition of negative 
information. Research using the NAP 
found that people who report habitual 
reappraisal demonstrate increased ability 
to inhibit negative information (Joormann 
and Gotlib, 2010). Similarly, presenting 
an incongruent flanker stimulus prior to 
a negative picture resulted in attenua- 
tion of emotional interference only among 
high reappraisers (Cohen et al., 2012). 
These findings are in line with imaging 
research that showed that asking peo- 
ple to reappraise negative stimuli results 
in increased activation in frontal regions 
associated with cognitive control (Ochsner 
et al., 2002; Ochsner and Gross, 2007, for 
review see Ochsner and Gross, 2005), that 
might be related to inhibition. Similarly, it 
has been recently reported that impaired 
inhibition following a left fronto-parietal 
lesion was associated with a remarkable 
difficulty in spontaneous reappraisal gen- 
eration (Salas et al., 2014). Thus, con- 
verging evidence suggests that reappraisal 
is associated with improved ability to 
inhibit negative content. The opposite pat- 
tern has emerged for rumination. Several 
studies using the NAP and the anti- 
saccade tasks have shown that ruminators 
have difficulty inhibiting emotional con- 
tent (e.g., De Lissnyder et al., 2011), even 
when controlling for levels of depressive 
symptoms (Joormann, 2006; Zetsche and 
Joormann, 2011; but for discrepant find- 
ings see Goeleven et al, 2006). In line with 
these behavioral findings, investigators 
have identified rumination-related pat- 
terns of brain activation, such as a higher 
functional connectivity between the left 
striatum and the left inferior frontal gyrus 
(IFG), a region that has been associated 
with inhibition (Kiihn et al., 2013). 

RECIPROCAL CAUSAL LINKS BETWEEN 
INHIBITION OF NEGATIVE CONTENT, 
RUMINATION. AND REAPPRAISAL 

Although the ability to inhibit negative 
content has been associated with both 
rumination and reappraisal, the causal 
direction of the link between inhibi- 
tion and these regulation strategies is 
unknown. It is possible that people's ten- 
dency to reappraise or to ruminate affects 
their ability to inhibit irrelevant emotional 
content. Alternatively, the ability to use 
inhibition processes when encountering 



negative information or thoughts may 
determine whether one will use reappraisal 
successfully or will become submersed in 
rumination. Experimental research that 
manipulates inhibition of negative stimuli 
or regulation strategy (i.e., rumination or 
reappraisal) can distinguish between these 
alternative causal directions. 

Only a few studies have manipulated 
the use of specific emotion regulation 
strategies in order to examine their effect 
on inhibition of negative information. 
While there is some evidence that instruct- 
ing people to ruminate impairs inhibitory 
abilities (Philippot and Brutoux, 2008), 
the effect of reappraisal on inhibitory abili- 
ties, is still unknown. Moreover, no studies 
to date have examined whether instruct- 
ing people to ruminate or to reappraise 
modulates their ability to inhibit emo- 
tional content. Therefore, the effects of 
emotion regulation on inhibition of emo- 
tional content await further exploration. 
Our work has recently examined the alter- 
native causal direction, demonstrating that 
training people to inhibit negative infor- 
mation can affect rumination. Specifically, 
utilizing the cognitive bias modification 
(CBM) paradigm (Hertel and Mathews, 
2011), we trained participants to exer- 
cise inhibition over emotional stimuli, and 
examined the effects of this training on 
rumination and depressed mood. In one 
study, participants were trained to pair 
recruitment of inhibitory processes (using 
incongruent flanker targets) with negative 
pictures. Compared to participants in the 
control condition, those in the experimen- 
tal condition exhibited reduced state rumi- 
nation following training. Furthermore, 
whereas in the control condition higher 
levels of trait rumination were associated 
with increased sad mood following train- 
ing, this association was eliminated among 
participants in the experimental condition 
(Cohen et al., 2014). In another training 
study, we randomly assigned participants 
to four sessions of training to inhibit or 
attend to negative stimuli or to a sham- 
training condition, using a novel proce- 
dure that was based on the NAP task. 
Compared with those who received the 
sham training, those who were trained 
to attend to negative stimuli exhibited a 
significant decrease in inhibition of irrele- 
vant negative content, and those who were 
trained to inhibit negative stimuli showed 
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FIGURE 1 | The reciprocal causal links between the ability to inhibit negative content and 
rumination and reappraisal. 



a trend toward improved inhibition of 
irrelevant negative content. Furthermore, 
those who were trained to inhibit negative 
stimuli reported reduced trait rumination 
following the training (Daches and Mor, 
2014). 

Thus, far, there are no direct find- 
ings regarding the effect of inhibition 
modification on reappraisal. Watson and 
Purdon (2008) used an attention-training 
paradigm and examined its effect on 
the ability to use reappraisal in order 
to reduce the unpleasantness of intru- 
sive thoughts in a sample of univer- 
sity students who reported high levels of 
obsessive-compulsive symptoms. No dif- 
ferences were found between the attention 
training and control groups in partici- 
pants' ability to reappraise the unpleasant- 
ness of intrusive thoughts. Possibly, these 
null findings can be attributed to the fact 
that this study used attention training 
procedure rather than a procedure that 
directly targets inhibition of emotional 
content. 

To conclude, although research in this 
area is in its infancy, existing findings do 
suggest that the ability to inhibit nega- 
tive content plays a casual role in emo- 
tion regulation, specifically in rumination 
and possibly in reappraisal. Limited evi- 
dence is available regarding the oppo- 
site causal direction — the influence of 
habitual rumination or reappraisal on 
individuals' ability to inhibit emotional 
content. Based on the available evidence, 
we propose a bidirectional relationship 



between the ability to inhibit negative 
content, and rumination and reappraisal, 
whereby inhibition plays a critical role 
in both rumination and reappraisal, and 
in turn, frequent use of these strategies 
may enhance or impair inhibition. As can 
be seen in Figure 1, elevated rumination 
level (as indicated by the + sign) impairs 
the ability to inhibit negative informa- 
tion, whereas elevated reappraisal level 
enhances it. Moreover, good ability to 
inhibit negative content prevents rumi- 
nation and enables reappraisal. Indeed, 
recent findings of a study conducted 
by our group show that the ability to 
inhibit negative information is positively 
related to reappraisal only among low but 
not high ruminators (Daches and Mor, 
submitted). 

Additional work is needed to fully 
understand whether rumination and reap- 
praisal are on the same continuum or 
whether they constitute two distinct phe- 
nomena that share a common cognitive 
process. Resolving this debate will further 
our understanding regarding the cognitive 
operations that are at the basis of complex 
phenomena such as the use of different 
emotion regulation strategies. In addi- 
tion, future studies should examine the 
causal link between other cognitive control 
processes, such as working memory updat- 
ing and set shifting, and emotion regula- 
tion strategies (see for example Schweizer 
et al, 2013). Importantly, current and 
future studies focusing on strengthen- 
ing inhibition processes or on training 



emotion regulation strategies, can lead to 
new interventions which would help indi- 
viduals to successfully overcome stress- 
ful or unpleasant life events and avoid 
persistent psychological impairment. 

REFERENCES 

Aldao, A., Nolen-Hoeksema, S., and Schweizer, 
S. (2010). Emotion-regulation strategies across 
psychopathology: a meta-analytic review. Clin. 
Psychol. Rev. 30, 217-237. doi: 10.1016/j.cpr.2009. 
11.004 

Aron, A. R., Behrens, T. E., Smith, S., Frank, M. J., 
and Poldrack R. A. (2007). Triangulating a cog- 
nitive control network using diffusion weighted 
magnetic resonance imaging (MRI) and func- 
tional MRI. /. Neurosci. 27, 3743-3752. doi: 
10.1523/JNEUROSCI.0519-07.2007 

Cohen, N., Henik, A., and Mor, N. (2011). Can emo- 
tion modulate attention? evidence for reciprocal 
links in the attentional network test. Exp. Psychol. 
58, 171-179. doi: 10.1027/1618-3169M000083 

Cohen, N., Henik, A., and Moyal, N. (2012). Executive 
control attenuates emotional effects — For high 
reappraisers only? Emotion 12, 970-979. doi: 
10.1037/a0026890 

Cohen, N., Mor, N., and Henik, A. (2014). Linking 
executive control and emotional response: a train- 
ing procedure to reduce rumination. Clin. Psychol. 
Sci. doi: 10.1177/2167702614530114. [Epub ahead 
of print] . 

Daches, S., and Mor, N. (2014). Training rumina- 
tors to inhibit negative information: a prelimi- 
nary report. Cognit. Ther. Res. 38, 160-171. doi: 
10.1007/sl0608-013-9585-5 

Davis, E. L., and Levine, L. J. (2013). Emotion reg- 
ulation strategies that promote learning: reap- 
praisal enhances children's memory for educa- 
tional information. Child Dev. 84, 361-374. doi: 
10.1111/j.l467-8624.2012.01836.x 

De Lissnyder, E., Derakshan, N., De Raedt, R., and 
Koster, E. H. (2011). Depressive symptoms and 
cognitive control in a mixed antisaccade task: 
specific effects of depressive rumination. Cogn. 
Emot. 25, 886-897. doi: 10.1080/02699931.2010. 
514711 

Eriksen, B. A., and Eriksen, C. W. (1974). Effects of 
noise letters upon the identification of a target let- 
ter in a nonsearch task. Percept. Psychophys. 16, 
143-149. doi: 10.3758/BF03203267 

Friedman, N. R, and Miyake, A. (2004). The rela- 
tions among inhibition and interference con- 
trol functions: a latent-variable analysis. /. Exp. 
Psychol. Gen. 133, 101-135. doi: 10.1037/0096- 
3445.133.1.101 

Goeleven, E., De Raedt, R., Baert, S., and Koster, E. H. 
(2006). Deficient inhibition of emotional informa- 
tion in depression. /. Affect. Disord. 93, 149-157. 
doi: 10.1016/j.jad.2006.03.007 

Gross, J. J. (1998). The emerging field of emo- 
tion regulation: an integrative review. Rev. Gen. 
Psychol. 2, 271-299. doi: 10.1037/1089-2680. 
2.3.271 

Gross, J. J., and John, O. P. (2003). Individual dif- 
ferences in two emotion regulation processes: 
implications for affect, relationships, and well- 
being. /. Pers. Soc. Psychol. 85, 348-362. doi: 
10.1037/0022-3514.85.2.348 



w w w.f ro ntiersin.org 



June 2014 | Volume 5 | Article 622 | 3 



Cohen et al. 



Reappraisal, rumination, and inhibition 



Hertel, P. T., and Mathews, A. (2011). Cognitive bias 
modification: past perspectives, current findings, 
and future applications. Perspect. Psychol. Sri. 6, 
521-536. doi: 10.1177/1745691611421205 

Joormann, J. (2006). Differential effects of rumina- 
tion and dysphoria on the inhibition of irrele- 
vant emotional material: evidence from a negative 
priming task. Cognit. Ther. Res. 30, 149-160. doi: 
10.1007/sl0608-006-9035-8 

Joormann, J. (2010). Cognitive inhibition and emo- 
tion regulation in depression. Curr. Dir. Psychol 
Sri. 19, 161-166. doi: 10.1177/0963721410370293 

Joormann, J., and Gotlib, I. H. (2010). Emotion 
regulation in depression: relation to cogni- 
tive inhibition. Cogn. Emot. 24, 281-298. doi: 
10.1080/02699930903407948 

Kalanthroff, E., Cohen, N., and Henik, A. (2013). 
Stop feeling: inhibition of emotional interference 
following stop-signal trials. Front. Hum. Neurosci. 
7:78. doi: 10.3389/fnhum.2013.00078 

Kocovski, N. L., Endler, N. S., Rector, N. A., and Flett, 
G. L. (2005). Ruminative coping and post-event 
processing in social anxiety. Behav. Res. Ther. 43, 
971-984. doi: 10.1016/j.brat.2004.06.015 

Kiihn, S., Vanderhasselt, M. A., De Raedt, R., and 
Gallinat, J. (2013). The neural basis of unwanted 
thoughts during resting state. Soc. Cogn. Affect. 
Neurosci. 1-5. doi: 10.1093/scan/nstll7. [Epub 
ahead of print]. 

Logan, G. D., and Cowan, W. B. (1984). On the 
ability to inhibit thought and action: a theory of 
an act of control. Psychol. Rev. 91, 295-327. doi: 
10.1037/0033-295X.91.3.295 

McRae, K., Jacobs, S. E., Ray, R. D., John, O. P., 
and Gross, J. J. (2012). Individual differences in 
reappraisal ability: links to reappraisal frequency, 
well-being, and cognitive control. /. Res. Personal. 
46,2-7. doi: 10.1016/j.jrp.2011. 10.003 

Nolen-Hoeksema, S. (1991). Responses to depression 
and their effects on the duration of depressive 



episodes. /. Abnorm. Psychol. 100, 569-582. doi: 
10.1037/0021-843X.100.4.569 
Nolen-Hoeksema, S., Stice, E., Wade, E., and Bohon, 

C. (2007). Reciprocal relations between rumina- 
tion and bulimic, substance abuse, and depres- 
sive symptoms in female adolescents. /. Abnorm. 
Psychol 116, 198-207. doi: 10.1037/0021-843X. 
116.1.198 

Nolen-Hoeksema, S., Wisco, B. E., and 
Lyubomirsky, S. (2008). Rethinking rumina- 
tion. Perspect. Psychol. Sri. 3, 400-424. doi: 
10.1111/j.l745-6924.2008.00088.x 

Ochsner, K. N., Bunge, S. A., Gross, J. J., and Gabrieli, 
J. D. (2002). Rethinking feelings: an fMRI study 
of the cognitive regulation of emotion. /. Cogn. 
Neurosci. 14, 1215-1229. doi: 10.1162/089892902 
760807212 

Ochsner, K. N., and Gross, J. J. (2005). The cognitive 
control of emotion. Trends Cogn. Sci. 9, 242-249. 
doi: 10.1016/j.tics.2005.03.010 

Ochsner, K. N., and Gross, J. J. (2007). The neu- 
ral architecture of emotion regulation. Handb. 
Emotion Regul. 1, 87-109. 

Philippot, P., and Brutoux, F. (2008). Induced rumi- 
nation dampens executive processes in dysphoric 
young adults. /. Behav. Ther. Exp. Psychiatry 39, 
219-227. doi: 10.1016/j.jbtep.2007.07.001 

Salas, C. E., Gross, J. J., and Turnbull, O. H. (2014). 
Reappraisal generation after acquired brain dam- 
age: the role of laterality and cognitive con- 
trol. Front. Psychol 5:242. doi: 10.3389/fpsyg.2014. 
00242 

Schweizer, S., Grahn, J., Hampshire, A., Mobbs, 

D. , and Dalgleish, T. (2013). Training the emo- 
tional brain: improving affective control through 
emotional working memory training. /. Neurosci. 
33, 5301-5311. doi: 10.1523/JNEUROSCI.2593- 
12.2013 

Watson, C, and Purdon, C. (2008). Attention train- 
ing in the reduction and reappraisal of intrusive 



thoughts. Behav. Cogn. Psychother. 36, 61-70. doi: 

10.1017/S1352465807003773 
Wentura, D. (1999). Activation and inhibition of 

affective information: for negative priming in 

the evaluation task. Cogn. Emot. 13, 65-91. doi: 

10.1080/026999399379375 
Whitmer, A. J., and Gotlib, I. H. (2013). An 

attentional scope model of rumination. 

Psychol. Bull 139, 1036-1061. doi: 10.1037/aOO 

30923 

Zetsche, U., and Joormann, J. (2011). Components 
of interference control predict depressive symp- 
toms and rumination cross-sectionally and 
at six months follow-up. /. Behav. Ther. Exp. 
Psychiatry 42, 65-73. doi: 10.1016/j.jbtep.2010. 
06.001 

Conflict of Interest Statement: The authors declare 
that the research was conducted in the absence of any 
commercial or financial relationships that could be 
construed as a potential conflict of interest. 

Received: 09 November 2013; accepted: 02 June 2014; 
published online: 17 June 2014. 

Citation: Cohen N, Daches S, Mor N and Henik A 
(2014) Inhibition of negative content — a shared process 
in rumination and reappraisal. Front. Psychol. 5:622. 
doi: 10.3389/fpsyg.2014.00622 

This article was submitted to Emotion Science, a section 
of the journal Frontiers in Psychology. 
Copyright © 2014 Cohen, Daches, Mor and Henik. 
This is an open-access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction in other 
forums is permitted, provided the original author(s) or 
licensor are credited and that the original publication 
in this journal is cited, in accordance with accepted 
academic practice. No use, distribution or reproduc- 
tion is permitted which does not comply with these 
terms. 



Frontiers in Psychology | Emotion Science 



June 2014 | Volume 5 | Article 622 | 4 



